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(54) Method for realizing a multilevel ROM memory in a dual gate CMOS process and 
corresponding ROM memory cell 



(57) The invention relates to a method of producing 
a multi-level memory of the ROM type in a CMOS proc- 
ess of the dual gate type, which method comprises at 
least the following steps: 

on a semiconductor substrate, defining respective 
active areas for transistors of ROM cells (1 ), electri- 
cally erasable non-volatile memory cells, and low- 
and high -voltage transistors; 

depositing a layer of gate oxide over said active 
areas; 

depositing a polysilicon layer over the gate oxide 
layer; 

masking, and then etching, the polysilicon layer to 
define, by successive steps, respective gate 
regions of the ROM cells, non-volatile cells, and 
low- and high-voltage transistors; 
characterized in that it further comprises the follow- 
ing steps: 

masking the polysilicon layer (4) of some of the 
transistors of the ROM cells (1), and implanting a 
first dopant species (N) in the active areas (2) of the 
exposed transistors; 



previously covered layer; 

masking and subsequently etching the polysilicon 
layer to define the gate regions of the ROM cell 
transistors. 




Fig. 3 



removing the mask from the polysilicon layer (4), 
and implanting a second dopant species (P) in said 
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Description 

Field of the Invention 

[0001] This invention relates to a method of producing 
a multi-level memory of the ROM type in a CMOS proc- 
ess of the so-called dual gate type, and to a memory 
cell structure produced thereby. 

[0002] In particular, the invention relates to a method 
as above which comprises at least the following steps: 

on a semiconductor substrate, defining respective 
active areas for transistors of ROM cells (1 ), electri- 
cally erasable non-volatile memory cells, and low- 
and high-voltage transistors; 

depositing a layer of gate oxide over said active 
areas; 

depositing a polysilicon layer over the gate oxide 
layer; 

masking, and then etching, the polysilicon layer to 
define, by successive steps, respective gate 
regions of the ROM cells, non-volatile cells, and 
low- and high-voltage transistors. 

[0003] The invention also relates to a ROM structure, 
with transistor cells integrated in a semiconductor by a 
dual gate CMOS process along with electrically erasa- 
ble non-volatile memory cells and low- and high-voltage 
transistors; all the cells and transistors having active 
areas covered with a layer of gate oxide, in turn overlaid 
by a polysilicon layer. 

[0004] As is well known in this specific technical field, 
there exists a growing demand from the market for inte- 
gration, in a single semiconductor electronic device, of 
both ROM (Read Only Memory) circuits and non-vola- 
tile, but electrically erasable, memories such as EEP- 
ROMs and/or Flash EEPROMs. Filling this demand, 
which is more pressing from the smart card market, 
calls for significant complications in the manufacturing 
process of such integrated electronic devices. 
[0005] The technologies involved in providing either 
circuit types are not fully compatible, in fact. Accord- 
ingly, production costs become higher, and achieving 
high yield rates is made more difficult. 
[0006] In addition, continuing advances in cripto- 
graphic techniques exact the use of codes of increasing 
size in terms of number of bits which are not easily 
decrypted by reverse engineering methods. 
[0007] It is also recognized that an array of ROM cells 
is essentially an array of MOS transistors having con- 
ventional source, drain, and gate terminals, and thresh- 
old voltages which are set during their fabrication 
process. 

[0008] The threshold is also differentiated such that, 
for any given bias of the transistor gate terminal, it 



becomes possible to determine which cells are in the 
'on' (logic 1 ) state and which are instead in the 'off (logic 
0) state by means of a suitable sensing circuit. Telling 
which cells are in the logic 1 state and which in the logic 
5 0 state is usually achieved by implanting or not implant- 
ing the source and drain junctions during the step of 
implanting these transistor regions. 
[0009] This prior approach provides cells with a logic 
value of 1 and/or 0, without a preliminary optical analy- 
se sis enabling them to be discerned. 

[0010] Other approaches allow the logic value of 1 or 
0 to be determined based on the presence or absence 
of a transistor. 

[0011] In either cases, there is no current technology 
15 available which can provide a multi-level ROM structure, 
that is, a structure which can store several logic values 
in each memory cell. 

[0012] The underlying technical problem of this inven- 
tion is, therefore, to provide a novel method of producing 
20 a multi-level type of ROM in a CMOS process of the 
dual gate type, expanding the information storage 
capacity by means of a readily integratable component 
with CMOS technology. 

25 Summary of the Invention 

[001 3] The concept behind this invention is one of pro- 
viding a ROM type of memory cell which can store at 
least three discrete logic levels. Such a cell is obtained 

30 by two different dopings of the polysilicon layer that 
forms the gate region of the transistor. 
[0014] The step of implanting the source/drain regions 
of the transistor which comprises the cell is, therefore, 
substantially separated from the polysilicon implanting 

35 step. 

[0015] Based on this concept, the technical problem is 
solved by a method as previously indicated and defined 
in Claim 1 foil.. 

[001 6] The technical problem is also solved by a mem- 

40 ory cell structure as defined in Claim 4. 

[0017] The features and advantages of the method 
and memory cell structure according to the invention will 
become apparent on reading the following description 
of embodiments thereof, given by way of non-limitative 

45 examples with reference to the accompanying draw- 
ings. 

Brief Description of the Drawing s 
so [0018] 

Figure 1 is an enlarged view from above illustrating 
schematically a portion of a semiconductor inte- 
grated circuit which incorporates at least one ROM 
55 cell formed in accordance with this invention. 

Figure 2 is an enlarged view from above illustrating 
schematically the same portion of an integrated cir- 
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cuit during a subsequent step of the inventive 
method. 

Figure 3 is an enlarged view from above illustrating 
schematically the same portion of an integrated cir- 
cuit during a further subsequent step of the inven- 
tive method. 

Detailed Description 

[0019] The process steps and structures described 
herein below do not reflect a complete process flow for 
manufacturing integrated circuits. The present invention 
can be practiced in combination with state-of-art tech- 
niques as currently employed in the manufacture of inte- 
grated circuits, and only such commonly used process 
steps will be discussed as are necessary for under- 
standing the invention. 

[0020] The drawing figures which show cross-sections 
taken through portions of an integrated circuit during its 
fabrication are not drawn to scale, but rather drawn as 
appropriate to highlight major features of the invention. 
[0021] Referring in particular to Figure 1, those steps 
of the method of this invention which lead to forming 
multi-level ROM cells in a CMOS process of the dual 
gate type will now be described. 

[0022] In CMOS processes of the latest generation, 
MOS transistors are usually formed with their gate 
regions doped with the same dopant type as the chan- 
nel region, and it is to this feature that the term "dual 
gate" applies in technical language. To this aim, it is 
necessary for the gate region to be left unprotected dur- 
ing the process step which provides heavy source drain 
implants. 

[0023] Advantageously in this invention, the memory 
circuit that incorporates the ROM cells 1 is integrated in 
a semiconductor together with a memory circuit of a dif- 
ferent type incorporating electrically erasable non-vola- 
tile cells of the EEPROM or Flash EEPROM type. 
Circuitry is also associated with the matrix of memory 
cells which includes both low-voltage (LV) MOS transis- 
tors and high-voltage (HV) MOS transistors. 
[0024] The source and drain junctions of low-voltage 
MOS transistors are usually formed with a gentle profile 
by a double dopant implantation referred to as LDD 
(Lightly Doped Drain) implantation. 
[0025] In the integrated memory circuit of this inven- 
tion, the HV transistors are needed for handling high 
(>12V) voltages during the step of programming the 
non-volatile memory cells. 

[0026] During the heavy source and drain implanting 
step applied to the LV transistors, the HV transistors are 
wholly masked off. The heavy implantation is only car- 
ried out in contact regions, to ensure good contacting. 
[0027] The effectuation of those steps which are 
involved in the inventive method will now be described. 
[0028] Reference will be made to an instance of the 
memory cells being N-channel cells, although the same 



considerations would also apply to P-channel cells once 
all dopant types are reversed. 

[0029] First defined on a semiconductor substrate 1 0 
are the active areas of the various transistors which 

5 comprise the memory circuits described hereinabove. 
Thus, both the active areas of the ROM cells 1 and the 
active area of the non-volatile memory cells forming the 
Flash EEPROM circuit portion are defined. In addition, 
low- and high-voltage MOS transistors of the circuitry 

10 associated with the cell matrix are formed. 

[0030] For example, active areas 2 are defined for the 
transistors of the ROM cells, as shown in Figure 1. Of 
course, there would be one transistor for each active 
area. 

15 [0031] The active areas 2 are T-shaped. Shown in Fig- 
ure 1 are an arbitrary number of adjacent cells, each 
having a respective active area 2. 

[0032] Grown on top of the active areas 2 is a thin 
layer 3 of gate oxide. This step implies oxidation of the 
20 whole memory circuitry. 

[0033] At this stage, a layer 4 of polysilicon, as 
required for forming the gate regions of the memory cell 
transistors, is deposited. 

[0034] Conventional masking, etching, flushing, and 

25 implanting steps enable definition of the standard low- 
voltage MOS transistors with source and drain junctions 
of the LDD type. These steps lead to the definition of the 
poly layer, and are preliminary to the LDD light implant- 
ing steps, formation of spacers, and heavy source and 

30 drain implantations, also for the LDD transistors. 

[0035] However, the gate regions of the ROM cell tran- 
sistors are defined at a later stage, and so are those of 
the EEPROM cells and the HV transistors. 
[0036] During the source and drain n+ implanting step 

35 for the low-voltage transistors, certain ROM cells 1, 
such as those referenced 5 in Figure 2, are masked 
such that their gate region layer of polysilicon can be 
subjected to a subsequent p+ dopant implanting step. 
This masking step essentially allows the logic state of 

40 the ROM cell to be programmed, and the mask can be 
regarded here as a program mask. 
[0037] The above cells 5 will be exposed when the 
source and drain p+ implantation is to be carried out, 
whereas the previously implanted cells with N+ dopant 

45 will be covered. 

[0038] In essence, one step of the inventive method 
provides for the poly layer 4 to be doped with N dopant, 
and a subsequent step provides for the same poly layer 
4 to be doped with P dopant. During these implanting 

50 steps, the source and drain regions of the ROM cells 1 
would be covered with the poly layer 4 and not 
implanted. 

[0039] Thus, in the process of this invention, two sep- 
arate different dopings are provided for the poly layer, 
55 which means that the process is a dual gate type 
wherein the gate is doped with the same dopant as the 
channel region of the cell. 

[0040] Furthermore, it is important to have the 
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source/drain implantation separated in time from the 
polysilicon implantation. 

[0041] At the end of these process steps, the polysili- 
con layer 4 of the matrix of ROM cells 1 will be doped in 
some areas with dopant of the N type, and in other 5 
areas with dopant of the P type. Accordingly, the poly 
layer 4 of the matrix of cells 1 with N-doped gates will 
exhibit a typical threshold, whereas the cells with P- 
doped gates will have a much higher threshold because 
of the different duty function of the P-doped polysilicon 10 
from the N-doped polysilicon. This enables the first two 
duty logic levels of the inventive memory structure to be 
defined. 

[0042] With an appropriate masking step and subse- 
quent etching, the poly layer of the matrix of cells 1 is 15 
then defined. By this etching, the HV transistors of the 
integrated circuit and the LV transistors forming the 
Flash EEPROM cells are also defined. 
[0043] Further light source and drain implantations 
are provided for the matrix of ROM cells 1 . During these 20 
implantations, a third logic level can be obtained by fully 
covering some cells, which will thus remain discon- 
nected and carry no current under any bias conditions. 
[0044] The solution proposed in this invention allows 
ROM cells to be produced with three logic levels each, 25 
in a dual gate process involving no more masks than 
are used in a standard process for making EEPROMs or 
Flash EEPROMs for smart cards. 

[0045] The array of ROM cells is provided naturally 
with three logic levels per cell, which allows the informa- 30 
tion storage capacity of the ROM to be increased expo- 
nentially. 

[0046] For example, with eight cells, this capacity is 
raised from 2 A 8 = 256 codes to 3 A 8 = 6,561 codes; with 
sixteen cells, it is raised from 65,536 codes to 35 
43,046,721 different codes; etc.. 

[0047] It matters to observe that the ROM cells are 
produced according to the invention by differentially 
doping the gates of the corresponding transistors, also 
in a dual gate process environment. 40 
[0048] Of course, the memory structure of this inven- 
tion would require dedicated sensing circuitry for 
decrypting the logic information contained at the three 
levels of each cell by translating it from ternary to binary 
logics. 45 
[0049] However, this represents no significant disad- 
vantage when the increase in storage capacity is con- 
sidered. 

[0050] A further advantage of this three-level design is 
that ternary logics would make it even more difficult to 50 
grasp the information stored, viz. crypted, in the mem- 
ory structure of this invention. 

Claims 

55 

1. A method of producing a multi-level memory of the 
ROM type in a CMOS process of the dual gate type, 
comprising at least the following steps: 
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on a semiconductor substrate, defining respec- 
tive active areas for transistors of ROM cells 
(1), electrically erasable non-volatile memory 
cells, and low- and high-voltage transistors; 

depositing a layer of gate oxide over said active 
areas; 

depositing a polysilicon layer over the gate 
oxide layer; 

masking, and then etching, the polysilicon layer 
to define, by successive steps, respective gate 
regions of the ROM cells, non-volatile cells, 
and low- and high-voltage transistors; 
characterized in that it further comprises the 
following steps: 

masking the polysilicon layer (4) of some of the 
transistors of the ROM cells (1 ), and implanting 
a first dopant species (N) in the active areas (2) 
of the exposed transistors; 

removing the mask from the polysilicon layer 
(4), and implanting a second dopant species 
(P) in said previously covered layer; 

masking and subsequently etching the polysili- 
con layer to define the gate regions of the ROM 
cell transistors. 

2. A method according to Claim 1, characterized in 
that, during the step of etching away the polysilicon 
layer to define the gate regions of the ROM cells 
(1), the gate regions of the high-voltage transistors 
are also defined. 

3. A method according to Claim 1, characterized in 
that it comprises a light implanting step for the 
source and drain regions of the transistors of the 
ROM cells (1), and that during this implanting step 
some of the cells (1 ) are fully masked. 

4. A ROM structure having transistor cells (1) inte- 
grated in a semiconductor by a dual gate CMOS 
process along with electrically erasable non-volatile 
memory cells and low-and high-voltage transistors, 
all cells and transistors having active areas covered 
with a layer of polysilicon, characterized in that 
some (5) of the cells have their polysilicon layer 
doped with a first type of dopant (N) and others 
have their polysilicon layer doped with a second 
type of dopant (P). 
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